On the Impossibility of Covariant Nonlocal "hidden" Variables in Quantum
  Physics by Gisin, Nicolas
On the Impossibility of Covariant Nonlocal ”hidden” Variables in Quantum Physics
Nicolas Gisin
Group of Applied Physics, University of Geneva, 1211 Geneva 4, Switzerland
(Dated: October 30, 2018)
Local variables can’t describe the quantum correlations observed in tests of Bell inequalities.
Likewise, we show that nonlocal variables can’t describe quantum correlations in a relativistic time-
order invariant way.
PACS numbers:
The quantum measurement problem, that is the prob-
lem of what makes certain arrangements of atoms and
other quantum stuff to act as measurement apparatuses,
has led many authors to investigate the possibility to
complement quantum physics with additional variables.
Until recently this line of research was mostly focussed
on local variables and the Bell inequalities that follow as
a consequence. But what about the possibility to com-
plement quantum physics with nonlocal variables? Some
research concentrated on particular nonlocal variables, as
for instance those satisfying a criterion put forward by
Prof. Leggett [1]. More generally, it is known since the
1970’s that it is not difficult to add nonlocal variables
that make quantum physics deterministic [2]. Admit-
tedly, most of these nonlocal models are quite ad-hoc and
don’t bring much insight into the measurement problem
[3], but the mere possibility of introducing such variables
is interesting.
In this note I like to ask whether such additional nonlo-
cal variables could be covariant in the sense of relativistic
time-order invariant predictions, that is invariant under
a velocity-boost that changes the time ordering of events.
We shall see that a pretty simple argument (hence possi-
bly well known to some readers?) reduces any covariant
nonlocal variables to Bell local variables whose existence
is known to be incompatible with well tested quantum
predictions. Consequently, since local variables don’t ex-
ist, likewise covariant nonlocal variables neither exist.
Note that a variable, e.g. λ, by itself is neither local
nor nonlocal; it all depends how the variable λ is used in
the model. We shall consider nonlocal models in which λ
determines the measurement outcomes. In the conclusion
we’ll come back to the question of nonlocal stochastic
models.
The argument runs as follows. Consider a situation
typical for a test of Bell’s inequality, see Fig. 1. Two
space-like separated partners, Alice and Bob, each hold
a quantum subsystem of an entangled global system, e.g.
two 2-level atoms in the singlet state ψ(−). Alice and Bob
each have independently the choice of their measurement
settings that we label ~a and ~b, respectively. Let us first
look at this situation from a reference frame in which
Alice is first to chose her measurement and to secure her
result α. Assume that her outcome is determined by the
usual quantum state and her measurement setting ~a, and
by a hypothetical nonlocal variable λ, presently ”hidden”
(unknown) to us; her result is thus a function:
α = FAB(ψ
(−),~a, λ) (1)
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FIG. 1: Standard configuration for Bell inequality tests as seen
from two different reference frames. In the first frame, Alice
performs her measurement before Bob and her result is deter-
mined by the function FAB; in the primed frame she is second
and her result is given by the function SBA, as explained in
the text.
where the function’s name FAB is chosen to remind us
that Alice is First in the time ordering AB. Next, in
this frame, Bob chooses his measurement setting ~b and
secures his result β that is determined by the nonlocal
variable λ:
β = SAB(ψ
(−),~a,~b, λ) (2)
where SAB stands for Second in the time ordering AB.
Note that Bob’s outcome could depend on Alice’s mea-
surement settings ~a; this is the sense in which the vari-
able λ together with the function FAB and SAB form a
nonlocal model.
For example, the following reproduces the standard
quantum predictions: λ is a pair of real numbers uni-
formly distributed in the unit square, λ = (rA, rB) ∈
[0..1] × [0..1], FAB = +1 iff rA ≤ 12 , and SAB = +1 iff
(rA ≤ 12 & rB ≤ 1−~a
~b
2 ) or (rA >
1
2 & rB ≤ 1+~a
~b
2 ).
Let us now look at the same experiment from another
reference frame, one in which Bob is first, see Fig. 1. The
same line of reasoning as above leads to:
β = FBA(ψ
(−),~b, λ) (3)
α = SBA(ψ
(−),~a,~b, λ) (4)
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where a priori the functions FBA and SBA corresponding
to the BA time ordering could differ from the functions
FAB and SAB .
Now, in a covariant nonlocal model Alice’s result
should be independent of the reference frame, hence from
eqs (1) and (4) one gets:
α = FAB(ψ
(−),~a, λ) = SBA(ψ(−),~a,~b, λ) (5)
and similarly for Bob’s result β. From this eq. (5) one
deduces that the function SBA is independent of ~b. But
then, the eqs (3) and (4) define a local model in the sense
of Bell. Hence, any covariant nonlocal model is equiva-
lent to a Bell-local model and, consequently, contradicts
well tested quantum predictions, the violation of Bell’s
inequality.
In conclusion, we have shown that there is no covariant
nonlocal models of quantum correlations, not more than
local models.
We end this brief note with some comments. First,
our argument assumes a deterministic model, i.e. for
any given λ there is a unique pair of results, one on each
side. For stochastic models the situation is interesting. If
one interprets probabilities in the usual ”classical” way,
one may merely add some random variable λ to turn the
model deterministic, as can be done for any probability
appearing in classical physics and as illustrated in the
paragraph in between eqs (2) and (3). But this possibil-
ity is ruled out by our argument. Hence, the square of
probability amplitudes are not probabilities in the usual
sense: they can’t be interpreted as mere epistemic prob-
abilities. Consequently, it may help to use a different
terminology, like, e.g., quantum propensities. This is-
sue is further discussed in the companion note [4]. Next,
if the model is also assumed to be nonlocal in time in
the sense that the first measurement result depends also
on the second input, e.g. α = FAB(ψ
(−),~a,~b, λ), as in
Aharonov et al. 2-time model [5], then the argument
fails (though I should admit that I don’t understand what
time with two directions could mean). Thirdly, our little
result emphasizes once again the extraordinary robust-
ness of quantum physics against any conceivable change.
This may explain why the founding fathers could discover
quantum physics based on the very few data available to
them at the time: there was simply not much alterna-
tive! Finally, one should mention that a way out of our
entire argumentation is to assume the existence of one
preferred universal reference frame which determines un-
equivocally one and only one time ordering for all events.
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